Background: Conservation of blood during cardiac surgery is important because of the shortage of donor blood, risks associated with transfusion, and the costs of allogeneic blood products. This retrospective study explored the feasibility of off-pump coronary artery bypass (OPCAB) without transfusion. Methods: One hundred and two consecutive patients underwent OPCAB from January 2007 to June 2012 at Hallym University Sacred Heart Hospital. Excluding 10 chronic renal failures patients, 102 patients were enrolled. Their characteristics, clinical data, and laboratory data were analyzed. We investigated the success rate of OPCAB without transfusion according to preoperative hemoglobin (Hb), and the cutoff point of the Hb level and the risk factors for transfusion. We implemented multidisciplinary blood-saving protocols. Results: The overall operative mortality and the success rate of OPCAB without transfusion were 2.9% (3/102) and 73.5% (75/102). The success rates in patients with Hb＜11, 11 ＜Hb＜14, and 14＜Hb were 35.0%, 79.2%, and 89.7% (p=0.01), respectively. The risk factors for transfusion are age＞70 years, diagnosis of acute myocardial infarction, preoperative Hb and creatinine levels, and operation time. The events precipitating the need for transfusion were low Hb level in 9 patients and hypotension or excessive bleeding in 18 patients. Conclusion: The preoperative Hb level of ＞11 facilitates OPCAB without transfusion. These results suggest that transfusion-free OPCAB can be performed by modifying the risk factors and correctable causes of transfusion and improving various blood salvage methods.
INTRODUCTION
Conservative use of transfusion in cardiac surgery is warranted because of the infectious and non-infectious complications of allogeneic blood products. Current shortages of donor blood and costs of these products need a careful application of the transfusion. Blood transfusion in cardiac surgery has been strictly regulated in western countries, but there is no general consensus or guideline on the appropriate use of allogeneic blood products in Korea [1, 2] .
Recent studies described the preoperative hemoglobin (Hb) level as a risk factor for transfusion, morbidity, and mortality, but few trials have been conducted to evaluate the appropriate Hb level required to facilitate transfusion-free cardiac surgery.
Compared with conventional coronary artery bypass graft (CABG), off-pump coronary artery bypass (OPCAB) has advantages for performing transfusion-free surgery, such as reduction of blood loss and relatively less hemodilution related OPCAB without Transfusion to cardiopulmonary bypass (CPB) [3] [4] [5] .
This retrospective study were undertaken to investigate the success rate for OPCAB without transfusion according to the preoperative Hb level; an appropriate cutoff point of the Hb level, which could facilitate transfusion-free surgery; and the risk factors for the need for transfusion.
METHODS

1) Patient selection
One hundred and two consecutive patients underwent OPCAB at Hallym University Sacred Heart Hospital from January 2007 to June 2012 by a single surgeon. Excluding 10 chronic renal failures, 102 patients were enrolled in this retrospective study, which was approved by our institutional review board, and the need for an informed consent from the patients was waived. We collected the following data from our institutional database. Values are presented as mean±standard variation for continuous variables and count (%) for categorical variables. Hb, hemoglobin; Plt, platelet; BUN, blood urea nitrogen; Cr, creatinine; Alb, albumin; #, day.
2) Anesthesia, fluid, and heparin management
The anesthesia technique was standardized for all patients.
In brief, this consisted of intravenous anesthesia with propofol, etomidate, and sodium thiopental. 
3) Surgical technique
Conventional median sternotomy and preparation of conduits were undertaken by using a standard technique. The target vessels were exposed and snared above the anastomotic site by using a 4.0 prolene suture (Ethicon Inc., Somerville, NJ, USA) with a pledget to prevent coronary injury and reduce blood loss. An intracoronary shunt (Anastoflo Intravascular Shunt; Research Medical Inc., Salt Lake City, UT, USA) was used only in cases of hemodynamic instability. A cell-saving device was used routinely with frequent infusions of the salvaged blood as collected.
4) Postoperative management
Two chest tubes were placed in the mediastinum, and additional tubes were left in the pleura as needed. Indications for reopening were a blood loss of greater than 600 mL over the first 2 hours, greater than 400 mL for 2 consecutive hours, and then, greater than 300 mL for 3 consecutive hours.
Additional protamine sulfate of 25 to 50 mg/dose was infused in relation to the prolonged ACT or excessive bleeding.
Postoperative fluid management consisted of 5% dextrose and colloid solutions including pentastarch and normal saline in the case of diabetes. Artificial ventilators were weaned from patients as soon as they were fully awake and recovered from anesthesia.
5) Statistics
All data are presented as number with percentage for categorical variables and mean with standard deviation for continuous variables. Differences between groups were tested using the chi-square test, Fisher's exact test, and Student t-test.
The univariate association between the risk factors and the transfusion was tested using a logistic regression analysis, generating an odds ratio with a 95% confidence interval (CI).
We included all the factors at a probability value of less than 0.1 in the multivariable analysis.
To explore the cutoff value for transfusion-free OPCAB,
we used the descriptive analysis of the modified Wald test according to the preoperative Hb level. Patients were divided into groups on the basis of their preoperative Hb level. Their success rates of transfusion-free OPCAB were expressed with percentage±95% CI. We confirmed no existence of the overlapping of the bars expressing the percentage of the success rate (mean±95% CI) among groups. In addition, we tested the success rate in relation to the preoperative Hb level by using a logistic regression analysis (Fig. 1) .
A probability value of less than 0.05 was considered significant for all the statistical tests. Statistical calculations were performed using a computerized statistical program, SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
From January 2007 to June 2012, 102 patients were enrolled in this study on whom consecutive OPCAB had been performed at Hallym University Sacred Heart Hospital. Tables 1 and 2 show the patients' characteristics, comorbidity, diagnosis, preoperative antiplatelet therapy, laboratory data, left ventricular ejection fraction, operative data, and complications. Three patients died in the hospital for an overall mortality of 2.9% (3/102). One patient suffered from cardiogenic shock and acute renal failure, and died on postoperative day 3. Two patients experienced excessive bleeding and massive transfusion without reopening, and died of pneuKun Il Kim, et al The total amounts of packed RBC transfusion were mean 5.88±5.04 U (Table 3 ). there has been no general consensus on using allogeneic blood products in cardiac surgery.
Conventional CABG patients with CPB are at increased risk of perioperative blood loss requiring a transfusion of blood products. CPB leads to thrombocytopenia and platelet dysfunction, dilution and consumption of coagulation factors, hyperfibrinolysis, and a residual heparin effect [6] . Recently, there has been an increasing interest in OPCAB with the suggestion that this may avoid the complication of CPB and reduce postoperative blood loss and morbidity [7] .
Preoperative anemia has been identified as the single-most important determinant of transfusion, particularly when the platelet count is low, and has been shown to increase the risk of acute kidney injury [8] . Further, anemic patients are at a higher risk for postoperative bleeding and mortality [9] . patients with a Hb level of 7 g/dL or less, but no high-level evidence supports this recommendation [10] . Many recent studies show larger differences in transfusion in practice [11, 12] . A survey of nearly 25,000 CABG patients in institutions across the United States revealed large inter-institutional differences. The allogeneic blood use ranged from 50%
to 100% of the patients according to the institutions.
Seventy-eight point five percent of the male and 93.6% of the female patients received allogeneic blood products during their hospital stay [13] .
We found that the patients, particularly old and female pa- were administered to most of the stable patients in this study.
We can reduce the total amount of packed RBCs and the number of transfused patients by modifying the correctable causes, mainly excessive bleeding.
As the risk factors in the univariate and multivariate analyses, preoperative Hb and Cr levels, age of ＞70 years, diagnosis of AMI, and operation time were independent predictors of a transfusion. In recent studies, several authors described small BMI, women, comorbidities such as diabetes, low left ventricular ejection fraction, and antiplatelet agents as independent predictors of a transfusion [17] [18] [19] [20] . However, we did not find their correlation because of the small population of this study. This analysis has more limitations similar to those of any retrospective database-generated observational study. Our data lack some important coagulation profiles and laboratory data. The study period is also too short to conclude the long-term outcomes.
Since 2007, we started to implement a multidisciplinary blood-saving protocol, and this study was conducted in our early experience era. We can expect to increase the success rate in the future by modifying several blood-saving techniques and guidelines.
In conclusion, we performed OPCAB without transfusion with a success rate of 73.5%. The cutoff point of the Hb level to facilitate transfusion-free OPCAB was 11 g/dL. The independent predictors of the transfusion were preoperative Hb and Cr levels, age of ＞70 years, diagnosis of AMI, and operation time. Some causes of transfusion might be avoidable by improving multidisciplinary blood-saving techniques.
